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对比，发现 BP 神经网络模型比线性模型预测效果要好。BP 模型的网络结构为
“5-5-1”，输入为 SiO2、Al2O3、Fe2O3、CaO、MgO 五种氧化物组分含量，隐层
节点数为 5，输出为 FT。预测最大误差为 72℃，符合一般工业需求。 
其次，利用高温粘度计测试煤灰样品的粘温曲线。利用该粘度计测试了彬县
煤、新桥煤、新桥精煤以及该三种煤混合后添加一定量 CaO、MgO 的粘温曲线。
结果发现合理的配煤可得到优于单煤的粘温曲线。灰分中 CaO 和 MgO 这两种氧
化物组分对煤灰粘度的影响是一致的：随着 CaO、MgO 的增加，粘度呈现先降
低后增加的趋势，使粘度降到最低时二者氧化物含量分别为：35%和 15%。比较
添加不同氧化物后样品的粘温曲线发现，MgO 对粘度的降低作用高于 CaO。 
最后，进行 Shell 气化炉配煤的优化。基于课题组自行研制的 XD-APC 平台
























Coal ash fusibility and liquidity have great significance for the design of coal 
gasifier, stable operation, the determination of operating parameters, the smooth 
discharge problems and so on. Adjustment to the coal ash fusion temperature and coal 
ash high temperature viscosity properties have attracted attentions of many 
researchers in coal gasification and combusion. In this work, industrial process 
control and advanced simulation configuration software XD-APC, business software 
MATLAB and coal ash high temperature viscosimeter are used to establish fusion 
temperature prediction model and do research of viscosity-temperature characteristics. 
While, adjust the blending coal artificially and through 20 hours simulation 
calculation based on Shell gasifier dynamic model which was established on XD-APC, 
the reasonable blending coal schemes are obtained. The main work and contribution 
are listed as follows: 
Firstly, establish the fusion temperature prediction model. This paper collected 
125 groups of coal ash composition and melting point data throughout the country and 
then established BP neural network model and linear model of double temperature 
coordinate method. Compared the two kinds of models, BP neural network model is 
much better. The stucture of BP model is “5-5-1”. The inputs are the content of SiO2、
Al2O3、Fe2O3、CaO、MgO, the hidden layers nodes is 5 and the output is FT. The 
maximum error is 72℃ which conform to the general industrial demand. 
Secondly, test viscosity-temperature curves of samples via high temperature 
viscometer. This paper obtained viscosity-temperature curves of Binxian Coal, 
Xinqiao Coal, Jing Coal of Xinqiao and mixture of the three coals adding some CaO 
or MgO, respectively. The results showed reasonable blending coal’s 
viscosity-temperature curve is superior to that of single coal. The effects of CaO and 
MgO to viscosity are concordant: with the increase of CaO or MgO, viscosity 
increases firstly and then decreases. When the content of CaO was 35% or MgO was 
15%, viscosity touches the bottom. Meanwhile, the effect of MgO to viscosity is 

















Finally, optimize the blending coal for the Shell gasifier. Through 20 hours 
simulation calculation based on Shell gasifier dynamic model which was established 
on XD-APC, various operating parameters such as the average temperature of gasifier 
exit, the effective gas production can be obtained. The fusion temperature of blending 
coal can be predicted via the BP model, and according to the criterion formula of 
smooth discharge for the Shell gasifier, the paper determined several reasonable 
blending coal schemes. 
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图 1-1 灰堆融熔特性示意图 
























































的影响主要是由于 Fe 的不同价态导致[16]：氧化气氛下以三价 Fe2O3存在，弱还
原气氛下以二价 FeO 存在，强还原气氛中以单质 Fe 存在[17]。三种价态下铁的熔
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